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Technical Field 

The present invention relates to a positive 
electrode active material for alkaline storage batteries, and 
also a positive electrode and alkaline storage battery using 
thereof . 



Background Art 

In recent years, the capacity density of a positive 
electrode for an alkaline storage battery has been 
significantly increased by improvements of the substrate shape, 
active material shape, active material composition and 
additives. At present, a positive electrode having a capacity 
density of around 600 mAh/cc has been put into practical 
application . 

However, equipments using an alkaline storage 
battery as a power source demand further improvements of the 
high-rate discharge characteristic and output. 

In order to improve the high-rate discharge 
characteristic, conventionally, there have been considered a 
method of improving the current collecting efficiency of the 



electrode; a method of lowering the resistance of the 
electrode; and a method of improving the charge/discharge 
efficiency of the active material. 

Moreover, modification of nickel hydroxide has been 
carried out by replacing Ni in the nickel hydroxide with metal 
elements other than Ni. 

Application to the electrode material of nickel 
hydroxide in the state of a solid solution containing a small 
amount of magnesium has been studied because of its high 
discharge potential. The battery output is significantly 
improved when discharge potential shifts in a higher direction 
(noble direction). Further, when the nickel hydroxide in the 
state of a solid solution containing a small amount of 
magnesium is used as a positive electrode active material, 
since the formation of y-NiOOH is limited, the cycle life of 
the battery is improved. 

As the nickel hydroxide in the state of a solid 
solution containing a small amount of magnesium, the following 
have been proposed. 

(1) Japanese Laid-Open Patent Publication No. Hei 2- 
109261 (1990) proposes nickel hydroxide in the state of a 
solid solution containing 1 to 3 wt% of magnesium, wherein the 
inner pore radius is 30 A or less and the total pore volume is 
0.05 ml/g or less. The purposes of this proposal are to 
increase the density of nickel hydroxide and provide an active 
material having a long life and a high utilization rate. 



(2) Japanese Laid-Open Patent Publication No. Hei 5- 
21064 (1993) proposes nickel hydroxide in the state of a solid 
solution containing 1 to 7 wt% of magnesium or the like, 
comprising a mixture of spherical or substantially spherical 
particles and non- spherical particles. The purpose of this 
proposal is to increase the nickel hydroxide content in the 
positive electrode. 

(3) Japanese Laid-Open Patent Publication No. Hei 5- 
41212 (1993) proposes nickel hydroxide in the state of a solid 
solution containing 1 to 7 wt% of magnesium or the like, 
wherein a myriad of primary particles of not larger than 0 . 1 
pm gather and the volume of pores with a pore diameter of 30 A 
or more is 20 to 70% of the total void volume. The purpose of 
this proposal is to facilitate infiltration of an electrolyte 
into the particles, thereby limiting the formation of 7-NiOOH 
due to uneven distribution of the electrolyte in the particles 
and improving the utilization rate of the active material at 
an early stage of charge/discharge. 

(4) Japanese Laid-Open Patent Publication No. Hei 5- 
182662 (1993) proposes nickel hydroxide in the state of a 
solid solution obtained by replacing a part of Ni with other 
element, wherein the inner pore volume is 0.14 ml/g or less. 
As the other element, Zn, Mg, Cd or Ba is used because they do 
not impair the characteristic of nickel hydroxide as an active 
material. The purpose of this proposal is to replace a part 
of Ni in high- density nickel hydroxide with an element such as 
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magnesium so as to form a defect in the crystal lattice of the 
nickel hydroxide, thereby increasing the degree of freedom of 
proton transfer and limiting the formation of 7-NiOOH. 

(5) Japanese Laid-Open Patent Publication No. Hei 5- 
182663 (1993) proposes nickel hydroxide in the state of a 
solid solution in which a part of Ni is replaced with Co and 
other element, and the inner pore volume is 0.14 ml/g. As the 
O other element, Zn, Mg, Cd or Ba is used. The purpose of this 

o 

4* proposal is to improve the charge efficiency at high 

M temperatures by replacing a part of Ni in the nickel hydroxide 

00 

*p with a predetermined element. 

O (6) Japanese Laid-Open Patent Publication No. Hei 

O 11-219703 (1999) proposes to form a coating layer comprising a 

O cobalt compound containing sodium, on the surface of nickel 

IU 

hydroxide in the state of a solid solution containing 0.5 to 5 
wt% of magnesium and to contain 0.05 to 5.0 wt% of yttrium 
based on Ni in the nickel hydroxide in a non- sintered type 
nickel positive electrode . The purpose of this proposal is to 
improve the charge acceptance. 

Here, when a solid solution is formed by 
incorporating magnesium into nickel hydroxide, since a nickel 
sulfate or the like is used as a starting material, sulfate 
ions are absorbed into the crystals of the nickel hydroxide 
and the crystal structure is likely to be disordered. Besides, 
when the crystal structure of the nickel hydroxide is 
disordered, the polarization during high-rate discharge 



increases , resulting in a problem that the conductivity also 
decreases considerably. Accordingly, during high-rate 
discharge, the utilization rate of nickel hydroxide tends to 
be lower. It would be considered that the increase of 
polarization during high- rate discharge due to the disordered 
crystal structure of the nickel hydroxide is caused by a 
decrease in the degree of freedom of proton transfer. 

However, all of the above proposals (1) through (6) 
aim for an improvement of the cycle life or the 
charge/ discharge efficiency and do not disclose means for 
solving the problem of the insufficient high-rate discharge 
characteristic. Therefore, even if batteries are manufactured 
according to the above proposals, sufficient high-rate 
discharge characteristics are not obtained. 

Moreover, the nickel hydroxide in the state of a 
solid solution containing magnesium has a problem of lower 
charge efficiency at high temperatures. 

Although the above proposal (5) discloses a 
technique of improving the charge efficiency at high 
temperatures, it does not solve the problem of the 
insufficient high-rate discharge characteristic. 

In other words, it is difficult to obtain batteries 
having sufficient high-rate discharge characteristics and an 
excellent charge efficiency at high temperatures. 



Disclosure of Invention 



An object of the present invention is to provide a 
positive electrode active material for producing an alkaline 
storage battery with a high discharge voltage and an excellent 
high-rate discharge characteristic, and a positive electrode 
and an alkaline storage battery using the positive electrode 
active material. 

Another object of the present invention is to 
provide a positive electrode active material for producing an 
alkaline storage battery with a high discharge voltage, an 
excellent high-rate discharge characteristic and excellent 
charge efficiency at high temperatures, and provide a positive 
electrode and an alkaline storage battery using the positive 
electrode active material. 

In order to achieve the above objects, the present 
invention relates to a positive electrode active material for 
an alkaline storage battery comprising a nickel hydroxide 
powder, wherein the nickel hydroxide is a solid solution 
containing magnesium, the magnesium content in the nickel 
hydroxide is 2 to 7 mol% of all metallic elements contained in 
the nickel hydroxide, the tap density of the nickel hydroxide 
is 1.9 g/cm 3 or more, the half -width of a peak attributed to 
(101) face near 2 9 = 37 to 40° in a powder X-ray diffraction 
pattern of the nickel hydroxide by CuKa ray radiation is 0.7 
to 1.2° , and the sulfate ion content in the nickel hydroxide 
is 0.5 wt% or less . 

Here, in the powder X-ray diffraction pattern of the 



nickel hydroxide by CuKa ray radiation, the ratio of intensity 
B of a peak attributed to (001) face near 2 9 = 18 to 21° to 
intensity A of the peak attributed to (101) face near 2 9 = 37 
to 40° : B/A is preferably 1.1 or more. 

It is preferred that the nickel hydroxide further 
contains at least one element selected from the group 
consisting of cobalt and manganese. 

It is preferred that the content of the at least one 
element selected from the group consisting of cobalt and 
manganese in the nickel hydroxide is 0.5 to 3 mol% of all 
metallic elements in the nickel hydroxide. 

It is preferred that the surface of the nickel 
hydroxide is coated with an oxide of cobalt. 

The average valence number of cobalt contained in 
the oxide of cobalt is preferably larger than 3. 

The present invention also relates to a positive 
electrode for an alkaline storage battery, containing a 
positive electrode active material of the present invention. 
With the use of a positive electrode containing an active 
material of the present invention, it is possible to obtain an 
alkaline storage battery having an excellent discharge voltage 
and high-rate discharge characteristic. 

It is preferred that the positive electrode of the 
present invention further contains a powder comprising an 
oxide of at least one element selected from the group 
consisting of Y, Yb, Lu, Ti and Ca. The content of the powder 
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comprising the oxide in the positive electrode is preferably 
0.5 to 3 parts by weight per 100 parts by weight of the 
positive electrode active material of the present invention 
for an alkaline storage battery. 

The present invention further relates to an alkaline 
storage battery comprising a positive electrode of the present 
invention for an alkaline storage battery; a negative 
electrode; and an alkaline electrolyte. 

Here, the alkaline electrolyte preferably contains 
sodium hydroxide. 

The concentration of the sodium hydroxide in the 
alkaline electrolyte is preferably 1 to 5 mol/liter. 

Brief Description of Drawings 

FIG. 1 shows the relationship, obtained in Example 1, 
between the magnesium content indicated by the ratio of the 
amount of magnesium to the total amount of nickel and 
magnesium in the nickel hydroxide and the utilization rate of 
nickel hydroxide during 240 mA discharge or average discharge 
voltage . 

FIG. 2 shows the relationship, obtained in Example 2, 
between the half -width of a peak attributed to (101) face near 
2 6 = 37 to 40° in a powder X-ray diffraction pattern of the 
nickel hydroxide by CuKa ray radiation and utilization rate A 
of nickel hydroxide during 240 mA discharge and utilization 
rate B of nickel hydroxide during 3600 mA discharge. 



FIG. 3 shows the relationship, obtained in Example 3, 
between the sulfate ion content in the nickel hydroxide and 
the utilization rate of nickel hydroxide during 3600 mA 
discharge. 

FIG. 4 shows the relationship, obtained in Example 4, 
between the ratio of intensity B of a peak attributed to (001) 
face near 2 6 = 18 to 21° to intensity A of a peak attributed 
to (101) face near 2 9 = 37 to 40° in a powder X-ray 
diffraction pattern of nickel hydroxide by CuKa ray radiation: 
B/A and the utilization rate of nickel hydroxide during 3600 
mA discharge. 

FIG. 5 shows the relationship, obtained in Example 5, 
between the cobalt content indicated by the ratio of the 
amount of cobalt to the total amount of nickel, magnesium and 
cobalt in the nickel hydroxide and the utilization rate of 
nickel hydroxide during 240 mA discharge or average discharge 
voltage . 

FIG. 6 shows the relationship, obtained in Example 9, 
between the amount of Y 2 0 3 per 100 parts by weight of nickel 
hydroxide contained in a positive electrode and utilization 
rate E of nickel hydroxide during 240 mA discharge after 
charging at 45*0 or utilization rate F of nickel hydroxide 
during 3600 mA discharge. 

FIG. 7 shows the relationship, obtained in Example 
10, between the magnesium content indicated by the ratio of 
the amount of magnesium to the total amount of nickel and 
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magnesium in the nickel hydroxide and the utilization rate of 
nickel hydroxide during 240 mA discharge or average discharge 
voltage . 

FIG. 8 shows the relationship, obtained in Example 

11, between the half -width of a peak attributed to (101) face 
near 20 = 37 to 40° in a powder X-ray diffraction pattern of 
the nickel hydroxide by CuKa ray radiation and utilization 
rate G of nickel hydroxide during 240 mA discharge or 
utilization rate H of nickel hydroxide during 3600 mA 
discharge. 

FIG. 9 shows the relationship, obtained in Example 

12, between the sulfate ion content in nickel hydroxide and 
the utilization rate of the nickel hydroxide during 3600 mA 
discharge . 

FIG. 10 shows the relationship, obtained in Example 

13, between the ratio of intensity B of a peak attributed to 
(001) face near 20 = 18 to 21° to intensity A of a peak 
attributed to (101) face near 2 9 = 37 to 40° in a powder X-ray 
diffraction pattern of the nickel hydroxide by CuKa ray 
radiation: B/A and the utilization rate of nickel hydroxide 
during 3600 mA discharge. 

FIG. 11 shows the relationship, obtained in Example 
17, between the sodium hydroxide concentration in an 
electrolyte and utilization rate K of nickel hydroxide during 
240 mA discharge after charging at 45°C or utilization rate L 
of nickel hydroxide during 3600 mA discharge. 



Best Mode for Carrying Out the Invention 

When nickel hydroxide in the state of a solid 
solution incorporating Mg therein , i.e., a solid solution 
obtained by replacing a part of Ni in nickel hydroxide with Mg, 
is used as an active material, the discharge potential becomes 
higher, and therefore it is possible to obtain high-output 
batteries to some extent. However, when the amount of 
magnesium is less than 2 mol% of all metallic elements 
contained in the nickel hydroxide in the state of a solid 
solution, the effect of increasing the discharge potential is 
not sufficiently exhibited. Moreover, when the amount of 
magnesium is more than 7 mol% of all metallic elements 
contained in the nickel hydroxide, the utilization rate of 
nickel hydroxide is lowered even in low- rate discharge. 
Further, since the amount of nickel in the nickel hydroxide 
decreases, a sufficient battery capacity is not obtained. 

Therefore, in order to achieve a significant 
improvement of output, it is necessary to optimize the 
physical properties of nickel hydroxide in the state of a 
solid solution in the following manner. 

The tap density of the nickel hydroxide is 
preferably 1.9 g/cm 3 or more, and more preferably 2.1 g/cm 3 or 
more. When the tap density is lower than 1.9 g/cm 3 , the filled 
amount of the nickel hydroxide into the positive electrode 
decreases and it becomes difficult to obtain a positive 
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electrode with a high energy density. 

The half -width of a peak attributed to (101) face 
near 2 0 = 37 to 40° in a powder X-ray diffraction pattern of 
the nickel hydroxide by CuKa ray radiation is preferably 0.7 
to 1.2° . Within this range, even when some sulfate ions are 
absorbed into the crystal structure of the nickel hydroxide, 
the structure is hardly disordered, and therefore the degree 
of freedom of proton transfer is not lowered. 

Even when the nickel hydroxide satisfies these 
conditions, if the sulfate ion content in the nickel hydroxide 
is too large, the crystal structure is disordered with 
repetition of the charge /discharge cycle. When the crystal 
structure of the nickel hydroxide is disordered, the 
polarization during high-rate discharge increases and a 
sufficient output is not obtained. Accordingly, the sulfate 
ion content in the nickel hydroxide solid solution needs to be 
limited to 0.5 wt% or less. 

However, in the present invention, since the crystal 
structure of the nickel hydroxide is optimized to some extent, 
it is not necessary to significantly lower the sulfate ion 
content. The amount of sulfate ions needs to be set slightly 
lower than that in conventional nickel hydroxide in the state 
of a solid solution containing magnesium. Even with such a 
slight difference, the high-rate discharge characteristic is 
significantly improved. 

In the nickel hydroxide, the ratio of intensity B of 
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a peak attributed to (001) face near 20 = 18 to 21° to 
intensity A of a peak attributed to (101) face near 2 9 = 37 to 
40° : B/A in a powder X-ray diffraction pattern of the nickel 
hydroxide by CuKOJ ray radiation is preferably 1.1 or more. 

When the peak intensity ratio B/A is 1.1 or more, 
the orientation in the C-axis direction of the crystals of 
nickel hydroxide increases. This indicates that the crystals 
are growing in the crystal face direction and the crystals are 
more homogeneous in that direction. 

When the crystals are homogeneous in the crystal 
face direction, the degree of freedom of proton transfer is 
improved. Moreover, it is considered that the polarization 
during high-rate discharge is limited and the high-rate 
discharge characteristic is further improved. 

In the nickel hydroxide in the state of a solid 
solution containing magnesium, a part of Ni may further be 
replaced with at least one element selected from the group 
consisting of cobalt and manganese. Since cobalt and 
manganese tend to have a valence number larger than 2, they 
remain with a high valence number even at a final stage of 
discharge. Therefore, cobalt and manganese have the effects 
of increasing the degree of freedom of proton transfer at the 
final stage of discharge and improving the utilization rate 
during low-rate discharge. 

The amount of at least one element selected from the 
group consisting of cobalt and manganese, contained in the 




14 



nickel hydroxide, is preferably 0.5 to 3 mol% of all metallic 
elements in the nickel hydroxide. When their total content is 
less than 0.5 mol%, the above-mentioned effects are reduced, 
while when the content is more than 3 mol%, the discharge 
voltage is lowered and therefore the effects of magnesium are 
cancelled. 

The surface of the nickel hydroxide is preferably 
coated with an oxide of cobalt functioning as a conductive 
agent. In this case, with the use of a small amount of the 
oxide of cobalt, it is possible to significantly improve the 
conductivity of the nickel hydroxide and further improve the 
high-rate discharge characteristic. It is preferable to coat 
substantially the entire particle surface of the nickel 
hydroxide with the oxide of cobalt, but it is effective to 
coat a part thereof. 

The average valence number of cobalt contained in 
the oxide of cobalt is preferably larger than 3 because an 
excellent conductivity is obtained when it is larger than 3. 

For the oxide of cobalt, it is possible to use 
cobalt oxide, cobalt hydroxide, cobalt oxyhydroxide , etc. 

By not only optimizing the positive electrode active 
material, but also applying the following technique to the 
positive electrode, it is possible to simultaneously improve 
the charge efficiency at high temperatures in addition to the 
high-rate discharge characteristic. 

Specifically, it is preferred to arrange a positive 
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electrode containing the above-mentioned positive electrode 
active material to further contain a powder comprising an 
oxide of at least one element selected from the group 
consisting of Y, Yb, Lu, Ti and Ca. The oxides of these 
metallic elements may be used alone or by combining two or 
more kinds thereof. Moreover, a composite oxide containing 
two or more kinds of metallic elements may be used. These 
metal oxides have the effects of increasing the overvoltage 
for release of oxygen at the final stage of charge and 
improving the charge efficiency at high temperatures. 

The amount of the oxide contained in the positive 
electrode is preferably 0.5 to 3 parts by weight per 100 parts 
by weight of the positive electrode active material. When the 
amount of the oxide is less than 0.5 part by weight, the 
overvoltage for release of oxygen is hardly increased. On the 
other hand, when the amount is more than 3 parts by weight, 
the discharge reaction is disturbed, resulting in degradation 
of the high-rate discharge characteristic. 

An alkaline electrolyte for use in an alkaline 
storage battery preferably contains sodium hydroxide. With 
the use of an alkaline electrolyte containing sodium hydroxide, 
it is possible to significantly increase the overvoltage for 
release of oxygen at the final stage of discharge and greatly 
improve the charge efficiency at high temperatures. 

The concentration of the sodium hydroxide in the 
alkaline electrolyte is preferably 1 to 5 mol/liter. When the 
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concentration of the sodium hydroxide is less than 1 mol/liter, 
the overvoltage for release of oxygen is hardly increased. On 
the other hand, when the concentration of the sodium hydroxide 
is more than 5 mol/liter, the utilization rate of nickel 
hydroxide during high-rate discharge is lowered. 

As a negative electrode for use in an alkaline 
storage battery of the present invention, a negative electrode 
comprising a hydrogen storage alloy; a negative electrode 
comprising cadmium; etc. are usable, but the present invention 
is not limited to them. 

Next, the present invention will be explained in 
detail based on some examples. 

Example 1 

First, a process of synthesizing a nickel hydroxide 
powder in the state of a solid solution incorporating 
magnesium therein will be explained. 
( i ) Step 1 

An aqueous solution containing nickel sulfate and 
magnesium sulfate, an aqueous sodium hydroxide solution and an 
aqueous ammonia solution were prepared. Each of them was 
continuously supplied into a reaction apparatus maintained at 
40*0 at a flow rate of 0.5 ml/minute. 

Here, the total nickel sulfate and magnesium sulfate 
concentration in the aqueous solution containing nickel 
sulfate and magnesium sulfate was made 2.4 mol/liter. In this 
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aqueous solution, the ratio of the amount of magnesium ions to 
the total amount of nickel ions and magnesium ions was made 
0.5 to 10 mol%. Moreover, the concentration of the aqueous 
ammonia solution was made 5 mol/liter, and the concentration 
of the aqueous sodium hydroxide solution was also made 5 
mol/liter. 

When a steady state was achieved where the pH in the 
reaction apparatus and the concentration balance of the 
metallic salts and the hydroxide produced were constant, an 
overflowed suspension containing the hydroxide was sampled. 
At this time, the pH in the reaction apparatus was 11.7. Then, 
the hydroxide was separated by decantation. 
( ii ) Step 2 

The obtained hydroxide was subjected to an alkali 
treatment by immersing it in an aqueous sodium hydroxide 
solution of a pH between 13 and 14 to remove anions such as 
sulfate ions in the hydroxide particles, and then washed with 
water and dried. In this manner, nickel hydroxide powders in 
the state of a solid solution with an average particle size of 
10 pm were obtained. 

Here, it is possible to control the sulfate ion 
content in the hydroxide particle by the time and number of 
times of the alkali treatment. In this example, in order to 
reduce the sulfate ion content, the alkali treatment was 
repeated three times or more with the aqueous sodium hydroxide 
solution at a relatively high temperature of 60^. 
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The obtained nickel hydroxide powders were analyzed, 
and the following results were obtained . 

The ratios of the amount of magnesium to the total 
amount of nickel and magnesium in the nickel hydroxides were 
0.5 to 10 mol% like the aqueous solution as the starting 
material . 

The sulfate ion contents in the nickel hydroxides 
were 0.3±0.01 wt%. 

The powder X-ray diffraction patterns of the nickel 
hydroxides by CuKa radiation all exhibited a /3-Ni(OH) 2 type 
single phase pattern. It was thus confirmed that a magnesium 
element dissolved in the crystal of the nickel hydroxides and 
solid solutions were formed. 

The half -widths of a peak attributed to (101) face 
near 2 6 = 37 to 40*0 in the patterns were 0.9±0.02° . 

The tap densities of the nickel hydroxides were all 
0.9 g/cm 3 or more, and it was confirmed that the nickel 
hydroxides were materials suitable for obtaining a positive 
electrode having a high energy density. 

Next, a process of fabricating a nickel positive 
electrode will be explained. 

10 g of cobalt hydroxide powder and 30 g of water 
were added to 100 g of the obtained nickel hydroxide powder 
and kneaded to obtain a paste. A nickel foam substrate with a 
porosity of 95% was filled with this paste, dried and pressed 
so as to obtain an electrode plate. 
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This electrode plate was cut and provided with an 
electrode lead by spot welding so as to obtain a nickel 
positive electrode with a theoretical capacity of 1200 mAh. 
However, the capacity shown here was calculated by assuming 
that the nickel in the nickel hydroxide makes a one-electron 
reaction. 

Next, a process of fabricating an alkaline storage 
battery will be explained. 

For the negative electrode, a known negative 
electrode for alkaline storage batteries, that is, a negative 
electrode comprising a powder of hydrogen storage alloy: 
M&nNi 3 .5 5 Coo.75Mno.4Alo.3 with an average particle size of about 30 
pm was used. 

Water and carboxymethyl cellulose as a binding agent 
were added to the hydrogen storage alloy and kneaded to obtain 
a paste. An electrode substrate was filled with this paste 
under application of pressure so as to obtain an electrode 
plate. This electrode plate was cut to obtain a negative 
electrode with a capacity of 1920 mAh. 

The positive electrode and the negative electrode 
were spirally wound with a 0.15 mm thick separator comprising 
a sulfonated polypropylene non-woven fabric therebetween so as 
to obtain an electrode group. This electrode group was 
inserted into a battery case, and further 2.2 ml of a 7 
mol/liter aqueous potassium hydroxide solution was pored 
therein. Thereafter, the opening of the battery case was 
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sealed with a sealing plate having a safety valve of a working 
pressure of about 2.0 MPa, thereby obtaining a cylindrical 
sealed type nickel hydroxide storage battery of AA size. 

Next, the characteristics of the obtained battery 
were evaluated. 

A charge /discharge cycle of : charging the battery by 
a current of 120 mA for 15 hours at 20*0 and discharging it by 
a current of 240 mA until the battery voltage reached 1.0 V 
was repeated. Then, after the discharge capacity was 
stabilized, the average discharge voltage and the utilization 
rate of nickel hydroxide were calculated. The utilization 
rate of nickel hydroxide was calculated as the ratio to the 
theoretical quantity of electricity obtained by assuming that 
the nickel in the nickel hydroxide makes a one -electron 
reaction. 

FIG. 1 shows the relationship between the magnesium 
content indicated by the ratio of the amount of magnesium to 
the total amount of nickel and magnesium in the nickel 
hydroxide and the utilization rate of nickel hydroxide during 
240 mA discharge or average discharge voltage. 

In FIG. 1, when the magnesium content was 2 mol% or 
more, a high average discharge voltage was obtained. Whereas 
when the magnesium content was more than 7 mol%, the 
utilization rate of nickel hydroxide was lowered. Accordingly, 
an appropriate ratio of the amount of magnesium to the total 
amount of nickel and magnesium in the nickel hydroxide is 2 to 



7 mol%. 



Example 2 

The same operation as in Step 1 of Example 1 was 
carried out except that the ratio of the amount of magnesium 
ions to the total amount of nickel ions and magnesium ions in 
the aqueous solution containing nickel sulfate and magnesium 
sulfate was made 5 mol% and the concentration of the aqueous 
sodium hydroxide solution was made 4.2 to 6 mol/liter. The 
crystallinity of the hydroxide can be changed by the 
concentration of the aqueous sodium hydroxide solution. Since 
the concentration of the aqueous sodium hydroxide solution was 
varied, the pH value in a reaction vessel in a steady state 
was between 11 and 12.5. 

Thereafter, the same operation as in Example 1 was 
carried out so as to obtain nickel hydroxide powders in the 
state of a solid solution with an average particle size of 10 
pm. 

The obtained nickel hydroxide powders were analyzed, 
and the following results were obtained. 

The ratios of the amount of magnesium to the total 
amount of nickel and magnesium in the nickel hydroxides were 5 
mol%. 

The sulfate ion contents in the nickel hydroxides 
were 0.3±0.01 wt%. 

The powder X-ray diffraction patterns of the nickel 
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hydroxides by CuKa radiation all exhibited a j3-Ni(OH) 2 type 
single phase pattern. 

The half -widths of a peak attributed to (101) face 
near 2 9 = 37 to 40° in the patterns were 0.63 to 1.31° . 

The tap densities of the nickel hydroxides were all 
1.9 g/cm 3 or more. 

With the use of the nickel hydroxide powders with 
the different half -widths as the positive electrode active 
materials, batteries similar to that of Example 1 were 
fabricated. 

A charge /discharge cycle of: charging each obtained 
battery by a current of 120 mA for 15 hours at 20*C and 
discharging it by a current of 240 mA until the battery 
voltage reached 1.0 V was repeated. Then, after the discharge 
capacity was stabilized, utilization rate A of nickel 
hydroxide was calculated. 

Moreover, a charge/ discharge cycle of: charging the 
battery by a current of 120 mA for 15 hours and discharging it 
by a current of 3600 mA until the battery voltage reached 1.0 
V was repeated. Then, after the discharge capacity was 
stabilized, utilization rate B of nickel hydroxide was 
calculated. 

FIG. 2 shows the relationship between the half -width 
of the peak attributed to (101) face and the utilization rate 
A of nickel hydroxide during 240 mA discharge or utilization 
rate B of nickel hydroxide during 3600 mA discharge. 
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In FIG. 2, when the half -width was 0.7 or more, a 
high utilization rate of nickel hydroxide was obtained during 
240 mA low-rate discharge. Furthermore, when the half -width 
was 1.2° or less, a high utilization rate of nickel hydroxide 
was obtained during 3600 mA high-rate discharge. Accordingly, 
in order to improve the utilization rate and high-rate 
discharge characteristic of the active material, it is 
effective to control the half -width to be 0.7 to 1.2° . 

Example 3 

The same operation as in Step 1 of Example 1 was 
carried out except that the ratio of the amount of magnesium 
ions to the total amount of nickel ions and magnesium ions in 
the aqueous solution containing nickel sulfate and magnesium 
sulfate was made 5 mol%. 

Moreover, the same operation as in Step 2 of Example 
1 was carried out except that the time and the number of 
repetition of the alkali treatment were changed, so that 
nickel hydroxide powders in the state of a solid solution with 
an average particle size of 10 pm were obtained. 

The obtained nickel hydroxide powders were analyzed, 
and the following results were obtained. 

The ratios of the amount of magnesium to the total 
amount of nickel and magnesium in the nickel hydroxides were 5 
mol%. 

The sulfate ion contents in the nickel hydroxides 
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were 0.05 to 1.0 wt%. 

The powder X-ray diffraction patterns of the nickel 
hydroxides by CuKa radiation all exhibited a j3-Ni(OH) 2 type 
single phase pattern. 

The half -widths of a peak attributed to (101) face 
near 20 = 37 to 40° in the patterns were 0.9±0.1° . 

The tap densities of the nickel hydroxides were all 
1.9 g/cm 3 or more. 

With the use of the nickel hydroxide powders with 
the different sulfate ion contents as the positive electrode 
active materials, batteries similar to that of Example 1 were 
fabricated. 

A charge/discharge cycle of: charging each obtained 
battery by a current of 120 mA for 15 hours at 20^ and 
discharging it by a current of 240 mA until the battery 
voltage reached 1.0 V was repeated. Then, after the discharge 
capacity was stabilized, the battery was charged by a current 
of 120 mA for 15 hours and discharged by a current of 3600 mA 
until the battery voltage reached 1.0 V. Based on the 
resultant discharge capacity, the utilization rate of nickel 
hydroxide during 3600 mA high-rate discharge was calculated. 

FIG. 3 shows the relationship between the sulfate 
ion content in nickel hydroxide and the utilization rate of 
nickel hydroxide during 3600 mA discharge. 

In FIG. 3, when the sulfate ion content was 0.5 wt% 
or less, a high utilization rate of nickel hydroxide was 
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obtained. Besides, when the sulfate ion content was more than 
0.5 wt%, the utilization rate of nickel hydroxide was abruptly- 
lowered. Accordingly, in order to improve the high-rate 
discharge characteristic, it is extremely important to make 
the content of sulfate ions in the nickel hydroxide 0.5 wt% or 
less. 

Example 4 

The same operation as in Step 1 of Example 1 was 
carried out except that the ratio of the amount of magnesium 
ions to the total amount of nickel ions and magnesium ions in 
the aqueous solution containing nickel sulfate and magnesium 
sulfate was made 5 mol% and the temperature in the reaction 
apparatus was changed to 20 to 70*0. It is possible to change 
the orientation of the crystals of hydroxide by changing the 
temperature in the reaction apparatus. 

Thereafter, the same operation as in Example 1 was 
carried out so as to obtain nickel hydroxide powders in the 
state of a solid solution with an average particle size of 10 
jam. 

The obtained nickel hydroxide powders were analyzed, 
and the following results were obtained. 

The ratios of the amount of magnesium to the total 
amount of nickel and magnesium in the nickel hydroxides were 5 
mol% . 

The sulfate ion contents in the nickel hydroxides 
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were 0.3±0.01 wt%. 

The powder X-ray diffraction patterns of the nickel 
hydroxides by CuKa radiation all exhibited a j3-Ni(OH) 2 type 
single phase pattern. 

The half -widths of a peak attributed to (101) face 
near 20 = 37 to 40° in the patterns were 0.9±0.1° . 

The ratios of intensity B of a peak attributed to 
(001) face near 20 = 18 to 21° to intensity A of a peak 
attributed to (101) face near 2 9 = 37 to 40° : B/A in the 
patterns were 1.0 to 1.3. 

The tap densities of the nickel hydroxides were all 
1.9 g/cm 3 or more. 

With the use of nickel hydroxide powders with the 
different peak intensity ratios: B/A as the positive electrode 
active materials, batteries similar to that of Example 1 were 
fabricated. 

A charge/discharge cycle of: charging each obtained 
battery by a current of 120 mA for 15 hours at 20T; and 
discharging it by a current of 240 mA until the battery 
voltage reached 1.0 V was repeated. Then, after the discharge 
capacity was stabilized, the battery was charged by a current 
of 120 mA for 15 hours and discharged by a current of 3600 mA 
until the battery voltage reached 1.0 V. Based on the 
resultant discharge capacity, the utilization rate of nickel 
hydroxide during 3600 mA discharge was calculated. 

FIG. 4 shows the relationship between the peak 
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intensity ratio: B/A and the utilization rate of nickel 
hydroxide during 3600 mA high-rate discharge. 

In FIG. 4, a high utilization rate of nickel 
hydroxide was obtained when the value of B/A was 1.1 or more. 
Accordingly, in order to further improve the high -rate 
discharge characteristic, it is effective to control the peak 
intensity ratio: B/A to be 1.1 or more. 

Example 5 

The same operation as in Step 1 of Example 1 was 
carried out except that the aqueous solution containing nickel 
sulfate and magnesium sulfate further contained cobalt sulfate 
or manganese sulfate, the ratio of the amount of magnesium 
ions and the ratio of cobalt or manganese ions to the total 
amount of nickel ions, magnesium ions and cobalt or manganese 
ions were made 5 mol% and 0 to 4 mol%, respectively. 

Thereafter, the same operation as in Example 1 was 
carried out so as to obtain nickel hydroxide powders in the 
state of a solid solution with an average particle size of 10 
pm. 

The obtained nickel hydroxide powders were analyzed, 
and the following results were obtained. 

The ratios of the amount of magnesium to the total 
amount of nickel, magnesium and cobalt or manganese in the 
nickel hydroxides were 5 mol%. 

The ratios of the amount of cobalt or manganese to 
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the total amount of nickel, magnesium and cobalt or manganese 
were 0 to 4 mol%. 

The sulfate ion contents in the nickel hydroxides 
were 0.3±0.01 wt%. 

The powder X-ray diffraction patterns of the nickel 
hydroxides by CuKa radiation all exhibited a j3-Ni(OH) 2 type 
single phase pattern. 

The half -widths of a peak attributed to (101) face 
near 2 9 = 37 to 40° in the patterns were 0.9±0.05° . 

The tap densities of the nickel hydroxides were all 
1.9 g/cm 3 or more. 

With the use of the nickel hydroxide powders 
containing cobalt or manganese in different ratios as the 
positive electrode active materials, batteries similar to that 
of Example 1 were fabricated. 

A charge/discharge cycle of: charging each obtained 
battery by a current of 120 mA for 15 hours at 20*C and 
discharging it by a current of 240 mA until the battery 
voltage reached 1.0 V was repeated. Then, after the discharge 
capacity was stabilized, the average discharge voltage and the 
utilization rate of nickel hydroxide were calculated. 

FIG. 5 shows the relationship between the cobalt 
content indicated by the ratio of the amount of cobalt to the 
total amount of nickel, magnesium and cobalt and the 
utilization rate of nickel hydroxide or average discharge 
voltage . 
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In FIG. 5, a high utilization rate of nickel 
hydroxide was obtained when the cobalt content was 0.5 mol% or 
more* Besides, when the cobalt content was more than 3 mol%, 
the average discharge voltage was lowered. Accordingly, the 
appropriate cobalt content is 0.5 to 3 mol%. 

A similar tendency was observed for the relationship 
between the ratio of the amount of manganese to the total 
amount of nickel, magnesium and manganese and the utilization 
rate of nickel hydroxide or average discharge voltage. 
Accordingly, the appropriate manganese content is also 0.5 to 
3 mol%. 

Example 6 

The same operation as in Step 1 of Example 1 was 
carried out except that the ratio of the amount of magnesium 
ions to the total amount of nickel ions and magnesium ions in 
the aqueous solution containing nickel sulfate and magnesium 
sulfate was made 5 mol%. 

Thereafter, the same operation as in Example 1 was 
carried out so as to obtain nickel hydroxide powders in the 
state of a solid solution with an average particle size of 10 
pm. 

The obtained nickel hydroxide powder was analyzed, 
and the following results were obtained. 

The ratio of the amount of magnesium to the total 
amount of nickel and magnesium in the nickel hydroxide was 5 
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mol% . 

The sulfate ion content in the nickel hydroxide was 

0.3 wt%. 

The powder X-ray diffraction pattern of the nickel 

hydroxide by CuKQJ radiation exhibited a j3-Ni(OH) 2 type single 
phase pattern. 

The half -width of a peak attributed to (101) face 
near 2 9 = 37 to 40° in the pattern was 0.892° . 

The tap density of the nickel hydroxide was all 1.9 
g/cm 3 or more. 

Subsequently, the obtained nickel hydroxide powder 
was put into an aqueous cobalt sulfate solution and then an 
aqueous sodium hydroxide solution was gradually added, and 
they were continuously stirred while making an adjustment to 
maintain a pH thereof at 12 under 35*0. 

As a result, cobalt hydroxide precipitated on the 
particle surface of the nickel hydroxide. Here, the ratio of 
the amount of the cobalt hydroxide to the total amount of the 
nickel hydroxide and cobalt hydroxide was made 10 wt%. 

The nickel hydroxide powder having the cobalt 
hydroxide on its surface was washed with water and then dried 
under a reduced pressure. The average particle size of the 
nickel hydroxide powder having the cobalt hydroxide on its 
surface was 10 pm, and the tap density was 1.95 g/cm 3 . 

Next, the cobalt hydroxide was modified by the 
following procedure. 
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An appropriate amount of a 45 wt% aqueous potassium 
hydroxide solution was added to the nickel hydroxide powder 
having the cobalt hydroxide on its surface. The resultant 
nickel hydroxide powder was put into a drier having a heating 
function by microwaves, and the particles were completely 
dried under a flow of oxygen. With this operation, the cobalt 
hydroxide was oxidized and changed to deep blue color. The 
nickel hydroxide powder having the oxidized cobalt hydroxide 
on its surface was washed with water and then dried under a 
reduced pressure. 

The average valence number of cobalt was calculated 
by iodometry, and the result was 3.2. When the cobalt 
hydroxide was modified using a high -concentration aqueous 
sodium hydroxide solution instead of the aqueous potassium 
hydroxide solution, it was also possible to obtain the average 
valence number of cobalt larger than 3.0. 

With the use of the nickel hydroxide powder having 
the oxidized cobalt hydroxide on its surface as the -positive 
electrode active material, a battery similar to that of 
Example 1 was fabricated. 

A charge/discharge cycle of: charging the obtained 
battery by a current of 120 mA for 15 hours at 20XZ and 
discharging it by a current of 240 mA until the battery 
voltage reached 1.0 V was repeated. Then, after the discharge 
capacity was stabilized, the battery was charged by a current 
of 120 mA for 15 hours and discharged by a current of 3600 mA 
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until the battery voltage reached 1.0 V. Based on the 
resultant discharge capacity, the utilization rate of nickel 
hydroxide during 3600 mA high-rate discharge was calculated. 

The resultant utilization rate of nickel hydroxide 
showed a high value of 90%. It should be understood from this 
that an excellent high-rate discharge characteristic is also 
obtainable with the use of a nickel hydroxide powder whose 
surface is coated with a cobalt oxide. 

Example 7 

The same operation as in Example 6 was carried out 
except that the concentration of potassium hydroxide in the 
aqueous solution and the heating time in the drier were 
changed in modifying the cobalt hydroxide, so that nickel 
hydroxide powders having cobalt oxide on their surface were 
obtained. With this operation, the cobalt hydroxide was 
oxidized, but the average valence number of cobalt contained 
in the obtained cobalt oxides varied around 3. 

With the use of the nickel hydroxide powders having 
cobalt oxides of different oxidized states on their surfaces 
as the positive electrode active materials, the utilization 
rate of nickel hydroxide during 3600 mA high -rate discharge 
was calculated in the same manner as in Example 6 . 

As a result, it was understood that the high-rate 
discharge characteristic was degraded when the average valence 
number of cobalt was smaller than 3. Accordingly, the average 
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valence number of cobalt is preferably larger than 3. 
Example 8 

The same operation as in Step 1 of Example 1 was 
carried out except that the ratio of the amount of magnesium 
ions to the total amount of nickel ions and magnesium ions in 
the aqueous solution containing nickel sulfate and magnesium 
sulfate was made 5 mol%. 

Thereafter, the same operation as in Example 1 was 
carried out so as to obtain a nickel hydroxide powder in the 
state of a solid solution with an average particle size of 10 
pm. 

The obtained nickel hydroxide powder was analyzed, 
and the following results were obtained. 

The ratio of the amount of magnesium to the total 
amount of nickel and magnesium in the nickel hydroxide was 5 
mol%. 

The sulfate ion content in the nickel hydroxide was 

0.3 wt%. 

The powder X-ray diffraction pattern of the nickel 
hydroxide by CuKa radiation exhibited a j3-Ni(OH) 2 type single 
phase pattern. 

The half -width of a peak attributed to (101) face 
near 20 = 37 to 40° in the pattern was 0.892° . 

The tap density of the nickel hydroxide was 2.03 

g/cm 3 . 
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10 g of a cobalt hydroxide powder, 2 g of a Y 2 0 3 
powder and 30 g of water were added to 100 g of the obtained 
nickel hydroxide powder and kneaded to obtain a paste. A 
nickel foam substrate with a porosity of 95% was filled with 
this paste, dried and then pressed so as to obtain an 
electrode plate. 

This electrode plate was cut and provided with an 
electrode lead by spot welding so as to obtain a nickel 
positive electrode with a theoretical capacity of 1200 mAh. 
However, the capacity shown here was also calculated by 
assuming that nickel in the nickel hydroxide makes a one- 
electron reaction. 

Moreover, positive electrodes containing a Yb 2 0 3 
powder, a Lu 2 0 3 powder, a Ti0 2 powder and a CaO powder, 
respectively, instead of the Y 2 0 3 powder were also fabricated 
in the same manner. 

With the use of the obtained positive electrodes, 
batteries similar to that of Example 1 were fabricated. 

For a comparison, a battery using the positive 
electrode of Example 1, which had the same structure as the 
positive electrode of Example 8 except that it did not contain 
the Y 2 0 3 powder, was also fabricated. 

Next, the characteristics of the obtained batteries 
were evaluated. 

A charge/discharge cycle of: charging each battery 
by a current of 120 mA for 15 hours at 20*0 and discharging it 
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by a current of 240 mA until the battery voltage reached 1.0 V 
was repeated. Then, after the discharge capacity was 
stabilized, the average discharge voltage and utilization rate 
C of nickel hydroxide were calculated. The utilization rate 
of nickel hydroxide was calculated as the ratio to the 
theoretical quantity of electricity obtained by assuming that 
nickel in nickel hydroxide makes a one-electron reaction. 

In addition, the battery was charged by a current of 
120 mA for 15 hours at 45*C and discharged by a current of 240 
mA at 20*C until the battery voltage reached 1.0 V. Then, 
based on the resultant discharge capacity, utilization rate D 
of nickel hydroxide was calculated. 

Table 1 shows the results. 

Here, the batteries using the positive electrodes 
containing Y 2 0 3 , Yb 2 0 3 , Lu 2 0 3 , Ti0 2 and CaO are indicated as 
batteries A, B, C, D and E, respectively. Besides, the 
battery using the positive electrode of Example 1 is shown as 
battery F. 



Table 1 



Battery 


Utilizati< 
nickel hyd 


mi rate of 
roxide ( % ) 


Average discharge 
voltage (V) 


C 

(20*0 charge) 


D 

(45*C charge) 


A 


100 


78 


1.28 


B 


100 


78 


1.28 


C 


100 


78 


1.28 


D 


99 


75 


1.27 


E 


100 


79 


1.28 


F 


98 


60 


1.28 
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It is clear from Table 1 that the charge efficiency 
of the batteries at a high temperature (45*0) is significantly 
improved by using the powder of Y 2 0 3 , Yb 2 0 3 , Lu 2 0 3 , Ti0 2 or CaO. 
Moreover, regarding the discharge voltage, since the positive 
electrode active material of the present invention was used, 
all the batteries had high values. 

It is considered that similar effects would be 
obtained with the use of an oxide other than Y 2 0 3 , Yb 2 0 3 , Lu 2 0 3 , 
Ti0 2 and CaO, or a hydroxide of at least one element selected 
from the group consisting of Y, Yb, Lu, Ti and Ca. 
Furthermore, it is considered that similar effects would be 
obtained with the use of at least two selected from the group 
consisting of the above-mentioned oxides and hydroxides. 

Example 9 

Positive electrodes and batteries using thereof were 
fabricated in the same manner as in Example 8 except that the 
amount of the Y 2 0 3 powder was changed to 0 to 5 parts by weight 
per 100 parts by weight of the nickel hydroxide powder. 

A charge/discharge cycle of: charging each obtained 
battery by a current of 120 mA for 15 hours at 2<fC and 
discharging it by a current of 240 mA until the battery 
voltage reached 1.0 V was repeated. Then, after the discharge 
capacity was stabilized, the battery was charged by a current 
of 120 mA for 15 hours at 45^C and discharged by a current of 



37 

240 mA at 20*C until the battery voltage reached 1.0 V. Then, 
based on the resultant discharge capacity, utilization rate E 
of nickel hydroxide was calculated. 

In addition, the battery was charged by a current of 
120 mA for 15 hours at 20QC and discharged by a current of 
3600 mA at 20t: until the battery voltage reached 1.0 V. Then, 
based on the resultant discharge capacity, utilization rate F 
of nickel hydroxide was calculated. 

FIG. 6 shows the relationship between the amount 
(part by weight) of the Y 2 0 3 powder per 100 parts by weight of 
the nickel hydroxide powder and the utilization rate E of 
nickel hydroxide during 240 mA discharge after charging at 45*C 
or utilization rate F of nickel hydroxide during 3600 mA 
discharge. 

In FIG. 6, when the amount of the Y 2 0 3 powder was 0.5 
part by weight or more, a high utilization rate of nickel 
hydroxide was obtained in the case of charging at a high 
temperature (45*0). Moreover, when the amount of the Y 2 0 3 
powder was 3 parts by weight or less, a high utilization rate 
of nickel hydroxide was obtained during 3600 mA high-rate 
discharge. Accordingly, in order to improve the charge 
efficiency at high temperatures and the high- rate discharge 
characteristic, the amount of the Y 2 0 3 powder in the positive 
electrode is preferably 0.5 to 3 parts by weight per 100 parts 
by weight of the nickel hydroxide powder. 

It is considered that, even when Yb 2 Q 3 , Lu 2 Q 3 , Ti0 2 or 
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CaO, or a hydroxide of at least one element selected from the 
group consisting of Y, Yb, Lu, Ti and Ca is used as well as 
Y 2 0 3 , similar effects would be obtained. Furthermore, it is 
considered that similar effects would be obtained with the use 
of at least two selected from the group consisting of the 
above-mentioned oxides and hydroxides. 

Example 10 

The same operation as in Step 1 of Example 1 was 
carried out except that the ratio of the amount of magnesium 
ions to the total amount of nickel ions and magnesium ions in 
the aqueous solution containing nickel sulfate and magnesium 
sulfate was made 0.5 to 10 mol%. 

Thereafter, the same operation as in Example 1 was 
carried out so as to obtain nickel hydroxide powders in the 
state of a solid solution with an average particle size of 10 
pm. 

The obtained nickel hydroxide powders were analyzed, 
and the following results were obtained. 

The ratios of the amount of magnesium to the total 
amount of nickel and magnesium in the nickel hydroxides were 
0.5 to 10 mol%. 

The sulfate ion contents in the nickel hydroxides 
were 0.3±0. 01 wt%. 

The powder X-ray diffraction patterns of the nickel 
hydroxides by CuKa radiation all exhibited a j3-Ni(OH) 2 type 
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single phase pattern. 

The half -widths of a peak attributed to (101) face 
near 2 9 = 37 to 40° in the patterns were 0.9±0.02° . 

The tap densities of the nickel hydroxides were all 
1.9 g/cm 3 or more. 

With the use of the obtained nickel hydroxide 
powders with the different magnesium contents as the positive 
electrode active materials, positive electrodes and batteries 
using the positive electrodes were fabricated in the same 
manner as in Example 8. 

A charge/ discharge cycle of: charging each obtained 
battery by a current of 120 mA for 15 hours at 20*C and 
discharging it by a current of 240 mA until the battery 
voltage reached 1.0 V was repeated. Then, after the discharge 
capacity was stabilized, the average discharge voltage and the 
utilization rate of nickel hydroxide were calculated. 

FIG. 7 shows the relationship between the magnesium 
content indicated by the ratio of the amount of magnesium to 
the total amount of nickel and magnesium in the nickel 
hydroxide and the utilization rate of nickel hydroxide during 
240 mA discharge or average discharge voltage. 

In FIG. 7, when the magnesium content was 2 mol% or 
more, the average discharge voltage was increased 
significantly. Besides, when the magnesium content was larger 
than 7 mol%, the utilization rate of nickel hydroxide was 
lowered. Accordingly, the appropriate magnesium content is 2 
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to 7 mol%. 

In addition, since all the batteries contained Y 2 0 3 
in the positive electrodes, they had an excellent charge 
efficiency at high temperatures like Example 8. 

Example 11 

The same operation as in Step 1 of Example 1 was 
carried out except that the ratio of the amount of magnesium 
ions to the total amount of nickel ions and magnesium ions in 
the aqueous solution containing nickel sulfate and magnesium 
sulfate was made 5 mol% and the concentration of the aqueous 
sodium hydroxide solution was made 4.2 to 6 mol/liter. 

The pH value in the steady state was between 11 and 
12.5 due to the difference in the concentration of the aqueous 
sodium hydroxide solution. 

Thereafter, the same operation as in Example 1 was 
carried out so as to obtain nickel hydroxide powders in the 
state of a solid solution with an average particle size of 10 
pm. 

The obtained nickel hydroxide powders were analyzed, 
and the following results were obtained. 

The ratios of the amount of magnesium to the total 
amount of nickel and magnesium in the nickel hydroxides were 5 
mol% . 

The sulfate ion contents in the nickel hydroxides 
were 0.3±0.01 wt%. 
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The powder X-ray diffraction patterns of the nickel 
hydroxides by CuK ol radiation all exhibited a j3-Ni(OH) 2 type 
single phase pattern. 

The half -widths of a peak attributed to (101) face 
near 20 = 37 to 40° in the patterns were 0.63 to 1.31° . 

The tap densities of the nickel hydroxides were all 
1 . 9 g/cm 3 or more . 

With the use of the obtained nickel hydroxide 
powders with the different half -widths as the positive 
electrode active materials, positive electrodes and batteries 
using the positive electrodes were fabricated in the same 
manner as in Example 8. 

A charge /discharge cycle of: charging each obtained 
battery by a current of 120 mA for 15 hours at 20*C and 
discharging it by a current of 240 mA until the battery 
voltage reached 1.0 V was repeated. Then, after the discharge 
capacity was stabilized, utilization rate G of nickel 
hydroxide was calculated. 

In addition, a charge/discharge cycle of: charging 
the battery by a current of 120 mA for 15 hours and 
discharging it by a current of 3600 mA until the battery 
voltage reached 1.0 V was repeated. Then, after the discharge 
capacity was stabilized, utilization rate H of nickel 
hydroxide was calculated. 

FIG. 8 shows the relationship between the half -width 
of a peak attributed to (101) face and utilization rate G of 
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nickel hydroxide during 240 mA discharge or utilization rate H 
of nickel hydroxide during 3600 mA discharge. 

In FIG, 8, when the half -width was 0.7° or more, a 
high utilization rate of nickel hydroxide was obtained during 
240 mA low-rate discharge. Moreover, when the half -width was 
1.2° or less, a high utilization rate of nickel hydroxide was 
obtained during 3600 mA high-rate discharge. Accordingly, in 
order to improve the utilization rate of nickel hydroxide and 
high-rate discharge characteristic, it is effective to control 
the half -width to be 0.7 to 1.2° . 

In addition, since all the batteries contained Y 2 0 3 
in the positive electrodes , they had an excellent charge 
efficiency at high temperatures like Example 8. 

Example 12 

The same operation as in Step 1 of Example 1 was 
carried out except that the ratio of the amount of magnesium 
ions to the total amount of nickel ions and magnesium ions in 
the aqueous solution containing nickel sulfate and magnesium 
sulfate Was made 5 mol%. 

Moreover, the same operation as in Step 2 of Example 
1 was carried out except that the time and the number of 
repetition of the alkali treatment were changed, so that 
nickel hydroxide powders in the state of a solid solution with 
an average particle size of 10 pm were obtained. By changing 
the time and the number of repetition of the alkali treatment. 
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it is possible to change the sulfate ion content in the 
hydroxide . 

The obtained nickel hydroxide powders were analyzed, 
and the following results were obtained. 

The ratios of the amount of magnesium to the total 
amount of nickel and magnesium in the nickel hydroxides were 5 
mol%. 

The sulfate ion contents in the nickel hydroxides 
were 0.05 to 1.0 wt%. 

The powder X-ray diffraction patterns of the nickel 
hydroxides by CuKa radiation all exhibited a /3-Ni(OH) 2 type 
single phase pattern. 

The half -widths of a peak attributed to (101) face 
near 20 = 37 to 40° in the patterns were 0.9±0.1° . 

The tap densities of the nickel hydroxides were all 
1.9 g/cm 3 or more. 

With the use of the obtained nickel hydroxide 
powders with the different sulfate ion contents as the 
positive electrode active materials, positive electrodes and 
batteries using the positive electrodes were fabricated in the 
same manner as in Example 8. 

A charge /discharge cycle of: charging each obtained 
battery by a current of 120 mA for 15 hours at 20*C and 
discharging it by a current of 240 mA until the battery 
voltage reached 1.0 V was repeated. Then, after the discharge 
capacity was stabilized, the battery was charged by a current 
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of 120 mA for 15 hours and discharged by a current of 3600 mA 
until the battery voltage reached 1.0 V. Based on the 
resultant discharged capacity, the utilization rate of nickel 
hydroxide during 3600 mA high-rate discharge was calculated. 

FIG. 9 shows the relationship between the sulfate 
ion content in the nickel hydroxide and the utilization rate 
of nickel hydroxide during 3600 mA high-rate discharge. 

In FIG. 9, when the sulfate ion content was 0.5 wt% 
or less, a high utilization rate was obtained during high-rate 
discharge. In contrast, when the sulfate ion content was more 
than 0.5 wt%, the utilization rate of nickel hydroxide was 
abruptly lowered. Accordingly, in order to improve the high- 
rate discharge characteristic, it is extremely important to 
make the sulfate ion content in the crystal of the nickel 
hydroxide 0.5 wt% or less. 

In addition, since all the batteries contained Y 2 0 3 
in the positive electrodes, they had an excellent charge 
efficiency at high temperatures like Example 8. 

Example 13 

The same operation as in Step 1 of Example 1 was 
carried out except that the ratio of the amount of magnesium 
ions to the total amount of nickel ions and magnesium ions in 
the aqueous solution containing nickel sulfate and magnesium 
sulfate was made 5 mol% and the temperature in the reaction 
apparatus was changed to 20 to 70*0. By changing the 
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temperature in the reaction apparatus, it is possible to 
change the orientation of the crystals of the hydroxide. 

Thereafter, by performing the same operation as in 
Example 1, nickel hydroxide powders in the state of a solid 
solution with an average particle size of 10 pm were obtained. 

The obtained nickel hydroxide powders were analyzed, 
and the following results were obtained. 

The ratios of the amount of magnesium to the total 
amount of nickel and magnesium in the nickel hydroxides were 5 
mol% . 

The sulfate ion contents in the nickel hydroxides 
were 0.3±0.01 wt%. 

The powder X-ray diffraction patterns of the nickel 
hydroxides by CuKa radiation all exhibited a /3-Ni(OH) 2 type 
single phase pattern. 

The half -widths of a peak attributed to (101) face 
near 29 = 37 to 40° in the patterns were 0.9±0.1° . 

The ratios of intensity B of a peak attributed to 
(001) face near 2 0 = 18 to 21° to intensity A of a peak 
attributed to (101) face near 2 0 = 37 to 40° in the patterns: 
B/A were 1.0 to 1.3. 

The tap densities of the nickel hydroxides were all 
1.9 g/cm 3 or more. 

With the use of the obtained nickel hydroxide 
powders with the different peak intensity ratios B/A as the 
positive electrode active materials , positive electrodes and 
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batteries using the positive electrodes were fabricated in the 
same manner as in Example 8. 

A charge/discharge cycle of: charging each obtained 
battery by a current of 120 mA for 15 hours at 20XZ and 
discharging it by a current of 240 mA until the battery 
voltage reached 1.0 V was repeated. Then, after the discharge 
capacity was stabilized, utilization rate A of nickel 
hydroxide was calculated. 

Moreover, the battery was charged by a current of 
120 mA for 15 hours and discharged by a current of 3600 mA 
until the battery voltage reached 1.0 V. Based on the 
resultant discharge capacity, the utilization rate of nickel 
hydroxide during 3600 mA high-rate discharge was calculated. 

FIG. 10 shows the relationship between the peak 
intensity ratio B/A and the utilization rate of nickel 
hydroxide during 3600 mA high-rate discharge. 

In FIG. 10, when the value of B/A was 1.1 or more, a 
high utilization rate of nickel hydroxide was obtained during 
high -rate discharge. Accordingly, in order to achieve a 
further improvement of the high-rate discharge characteristic, 
it is effective to control the peak intensity ratio B/A to be 
1.1 or more. 

In addition, since all the batteries contained Y 2 0 3 
in the positive electrodes, they had an excellent charge 
efficiency at high temperatures like Example 8. 
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Example 14 

The same operation as in Step 1 of Example 1 was 
carried out except that the ratio of the amount of magnesium 
ions to the total amount of nickel ions and magnesium ions in 
the aqueous solution containing nickel sulfate and magnesium 
sulfate was made 5 mol%. 

Thereafter, by performing the same operation as in 
Example 1, a nickel hydroxide powder in the state of a solid 
solution with an average particle size of 10 pm was obtained. 

The obtained nickel hydroxide powder was analyzed, 
and the following results were obtained. 

The ratio of the amount of magnesium to the total 
amount of nickel and magnesium in the nickel hydroxide was 5 
mol% . 

The sulfate ion content in the nickel hydroxide was 

0.3 wt%. 

The powder X-ray diffraction pattern of the nickel 

hydroxide by CuKa radiation exhibited a j3-Ni(OH) 2 type single 
phase pattern. 

The half -width of a peak attributed to (101) face 
near 20 = 37 to 40° in the pattern was 0.892° . 

The tap density of the nickel hydroxide was 2.03 

g/cm 3 . 

Subsequently, the obtained nickel hydroxide powder 
was put into an aqueous cobalt sulfate solution and then an 
aqueous sodium hydroxide solution was gradually added, and 
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they were continuously stirred while making an adjustment to 
maintain a pH thereof at 12 under 35*0. 

As a result, cobalt hydroxide precipitated on the 
particle surface of the nickel hydroxide. Here, the ratio of 
the amount of the cobalt hydroxide to the total amount of the 
nickel hydroxide and cobalt hydroxide was made 10 wt%. 

The nickel hydroxide powder having the cobalt 
hydroxide on its surface was washed with water and then dried 
under a reduced pressure. The average particle size of this 
powder was 10 pm, and the tap density was 1.9 g/cm 3 . 

Next, the cobalt hydroxide was modified by the 
following procedure. 

An appropriate amount of a 45 wt% aqueous potassium 
hydroxide solution was added to the nickel hydroxide powder 
having the cobalt hydroxide on its surface. The resultant 
nickel hydroxide powder was put into a drier having a heating 
function by microwaves, and the particles were completely 
dried under a flow of oxygen. With this operation, the cobalt 
hydroxide was oxidized and changed to deep blue color. The 
nickel hydroxide powder having the oxidized cobalt hydroxide 
on its surface was washed with water and then dried under a 
reduced pressure. 

The average valence number of cobalt calculated by 
iodometry was 3.2. 

With the use of the nickel hydroxide powders having 
oxidized cobalt hydroxide on their surface as the positive 
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electrode active materials, positive electrodes and batteries 
using the positive electrodes were fabricated in the same 
manner as in Example 8. 

A charge /discharge cycle of: charging each obtained 
battery by a current of 120 mA for 15 hours at 20^ and 
discharging it by a current of 240 mA until the battery 
voltage reached 1,0 V was repeated. Then, after the discharge 
capacity was stabilized, the battery was charged by a current 
of 120 mA for 15 hours and discharged by a current of 3600 mA 
until the battery voltage reached 1.0 V. Based on the 
resultant discharge capacity, the utilization rate of nickel 
hydroxide during the 3600 mA high-rate discharge was 
calculated . 

As a result, the utilization rate of nickel 
hydroxide showed a high value of 90%. It should be understood 
from this that an excellent high-rate discharge characteristic 
is also obtainable with the use of an active material whose 
surface is coated with a cobalt oxide. 

In addition, since all the batteries contained Y 2 0 3 
in the positive electrodes, they had an excellent charge 
efficiency at high temperatures like Example 8. 

Example 15 

Nickel hydroxide powders having an oxide of cobalt 
on their surfaces were obtained by performing the same 
operation as in Example 14 except that the concentration of 
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potassium hydroxide in the aqueous solution and the heating 
time in the drier were changed in modifying the cobalt 
hydroxide. With this operation, the cobalt hydroxide was 
oxidized, but the average valence number of cobalt contained 
therein varied around 3. 

With the use of the nickel hydroxide powders having 
the obtained cobalt oxides with different average valence 
numbers of cobalt on their surface as the positive electrode 
active materials, the utilization rate of nickel hydroxide 
during 3600 itiA high-rate discharge was calculated in the same 
manner as in Example 14. 

As a result, it was understood that the high-rate 
discharge characteristic was degraded when the average valence 
number of cobalt was smaller than 3. Accordingly, the average 
valence number of cobalt is preferably larger than 3. 

Example 16 

A battery G was fabricated in the same manner as in 
Example 8 except that the Y 2 0 3 powder was not added to the 
positive electrode and a mixed solution of a 5 mol/ liter 
aqueous potassium hydroxide solution and a 2 mol/liter aqueous 
sodium hydroxide solution was used as the electrolyte. 

Next, the characteristic of the battery G and the 
characteristic of the battery F used in Example 8 were 
compared. Only the difference between the batteries G and F 
was the composition of the electrolyte. 
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A charge/discharge cycle of : charging each battery 
by a current of 120 mA for 15 hours at 20XZ and discharging it 
by a current of 240 mA until the battery voltage reached 1.0 V 
was repeated. Then, after the discharge capacity was 
stabilized, the average discharge voltage and utilization rate 
I of nickel hydroxide were calculated. 

Next, each battery was charged by a current of 120 
mA for 15 hours at 45*0 and discharged by a current of 240 mA 
at 20*0 until the battery voltage reached 1.0 V. Then, 
utilization rate J of nickel hydroxide was calculated from the 
discharge capacity. The results are shown in Table 2. 



Table 2 



Battery 


Utilization rate of 
Nickel hydroxide (%) 


Average discharge 
voltage (V) 


I 

(20"C charge) 


J 

(45"C charge) 


G 


98 


78 


1.28 


F 


98 


60 


1.28 



It is clear from Table 2 that the charge efficiency 
at high temperatures is significantly improved by the 
electrolyte containing the sodium hydroxide. 

Here, although the active material synthesized in 
Example 8 was used, even if active materials synthesized in 
Examples 10 through 15 are used, the charge efficiency at high 
temperatures would be significantly improved by using an 
electrolyte containing sodium hydroxide. 
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Example 17 

Batteries were fabricated in the same manner as in 
Example 16 except that the concentration of sodium hydroxide 
in the electrolyte were made 0 to 7 mol/liter. At this time, 
the sodium hydroxide was added to the electrolyte so that the 
total concentration of sodium hydroxide and potassium 
hydroxide was 7 mol/liter. 

A charge/discharge cycle of: charging each obtained 
battery by a current of 120 mA for 15 hours at 20*C and 
discharging it by a current of 240 mA until the battery 
voltage reached 1.0 V was repeated. Then, after the discharge 
capacity was stabilized, the battery was charged by a current 
of 120 mA for 15 hours at 45*0 and discharged by a current of 
240 mA at 20t until the battery voltage reached 1.0 V. Then, 
utilization rate K of nickel hydroxide was calculated from the 
resultant discharge capacity. 

Next, the battery was charged by a current of 120 mA 
for 15 hours at 20*0 and discharged by a current of 3600 mA at 
20*C until the battery voltage reached 1.0 V. Then, 
utilization rate L of nickel hydroxide was calculated from the 
result ant discharge capacity. 

FIG. 11 shows the relationship between the sodium 
hydroxide concentration in the electrolyte and utilization 
rate K of nickel hydroxide during 240 mA discharge after 
charging at 45*C or utilization rate L of nickel hydroxide 
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during 3600 mA discharge. 

In FIG. 11, a high utilization rate of nickel 
hydroxide was obtained in the case of charging at high 
temperatures when the sodium hydroxide concentration was 1 
mol/liter or more, and a high utilization rate of nickel 
hydroxide was obtained during high -rate discharge when the 
concentration was 5 mol/liter or less. Accordingly, in order 
to increase the charge efficiency at high temperatures and 
high-rate discharge characteristic, the sodium hydroxide 
concentration in the electrolyte is preferably 1 to 5 
mol/liter. 

Example 18 

A battery was fabricated in the same manner as in 
Example 8 except that a mixed solution of a 5 mol/liter 
aqueous potassium hydroxide solution and a 2 mol/liter aqueous 
sodium hydroxide solution was used as the electrolyte. 

A charge/discharge cycle of: charging the obtained 
battery by a current of 120 mA for 15 hours at 20*0 and 
discharging it by a current of 240 mA until the battery 
voltage reached 1.0 V was repeated. Then, after the discharge 
capacity was stabilized, the battery was charged by a current 
of 120 mA for 15 hours at 45*C and discharged by a current of 
240 mA at 20*C until the battery voltage reached 1.0 V. Then, 
the utilization rate of nickel hydroxide was calculated from 
the resultant discharge capacity. 
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In addition, the battery was charged by a current of 
120 mA for 15 hours at 20°C and discharged by a current of 3600 
mA at 20*C until the battery voltage reached 1.0 V. Then, the 
utilization rate of nickel hydroxide was calculated from the 
resultant discharge capacity. 

As a result, when the battery was charged at 45°C, 
the utilization rate of nickel hydroxide was 80%, and thus a 
significant improvement of the charge efficiency at high 
temperatures was recognized. Further, the utilization rate of 
nickel hydroxide during 3600 mA high-rate discharge was 90%, 
and an excellent high-rate discharge characteristic was also 
obtained . 

It is considered that, even when Yb 2 0 3 , Lu 2 0 3 , Ti0 2 or 
CaO, or a hydroxide of at least one element selected from the 
group consisting of Y, Yb, Lu, Ti and Ca, are used as well as 
Y 2 0 3 , similar effects would be obtained. Furthermore, it is 
considered that similar effects would be obtained with the use 
of at least two selected from the group consisting of the 
above-mentioned oxides and hydroxides. 

As described above, by making the positive electrode 
contain a positive electrode active material of the present 
invention and a predetermined oxide and making the electrolyte 
contain sodium hydroxide, it is possible to obtain a battery 
having an excellent high-rate discharge characteristic and 
excellent charge efficiency at high temperatures. 
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Industrial Applicability 

According to the present invention, it is possible 
to provide a positive electrode active material capable of 
producing alkaline storage batteries having a high discharge 
voltage and excellent high-rate discharge characteristic and 
also provide a positive electrode and alkaline storage battery 
containing thereof. 



